At low redshifts powerful radio sources are uniquely associated with massive galaxies, and are thought to be powered by supermassive black holes. Modern 8m -lOm telescopes may be used used to find their likely progenitors at very high redshifts to study their formation and evolution.
. The Hubble K -z diagram for high redshift radio galaxies . Filled triangles are Keck measurements of high redshift radio galaxies from Ref. 14, the large triangle is TN J0924-2201 at z = 5.19, and all other photometry is from Ref. 15 . Two stellar evolution models from Bruzual and Charlot (1999; priv. comm.) normalized at z< 0.1, are plotted, assuming parameters as shown.
al. in a similar but '-7 times larger survey also only found one (Ref. 16 ) . However, one can pre-select very good HzRG candidates from the radio catalogs, before even going to the telescope, by choosing sources with ultra-steep radio spectra or 'red radio color'. It is already known more than 20 years that the identification fraction of radio sources on the POSS plates decreases with increasing spectral index (Ref. 17) . One had to wait for the much more sensitive CCD detectors before further progress in identifying ultra-steep spectrum (USS) sources could be made. One of the first HzRGs which was then found, using the Kitt Peak 4m, was the radio galaxy 4C41.17, at z = 3.800 ( Ref. 18). This source was the record holder for many years, until it was by-passed, using the same USS method, by 8C 1435+635 (z = 4.25; Ref. 19 ) and 6C 0140+326 (z = 4.41; Ref. 20) .
Together with graduate student C. De Breuck and colleagues at Leiden Observatory we therefore defined the 'ultimate' USS source sample by using several new, large radio surveys (De Breuck et al. 2000a {astro-ph/0002297]). The sample consists of 669 sources with extremely steep radio continuum spectra (a -1.3; Table 1 ; Fig. 2) , at 10 -100 times lower flux density limits than has been possible before (Ref. 21; Ref. 22; Ref. 23) . To identify these sources we first looked at the POSS and found that approximately 15% of the sources could be identified, usually with moderately bright galaxies in galaxy clusters. This identification fraction appears to be independent of spectral index (Fig. 3) , at least for a < -1.3, in support of the idea that these are mostly foreground objects.
The USS selection proved to be extremely efficient. Attempts to obtain optical identifications of USS sources using 3m-4m-class telescopes (R 24) were largely unsuccessful. Also near-JR imaging would be very difficult,
given the typically expected R -K P-' 4 values of high redshift radio galaxies . We therefore decided to entirely skip b Due to the characteristics of the Texas survey, the TN sample is only C'., 30% complete. the optical identification program at Lick Observatory and go straight to near-JR imaging at the Keck I telescope.
MORPHOLOGICAL EVOLUTION OF THE HIGHEST REDSHIFT RADIO GALAXIES
When we started our near-JR imaging program at Keck our first order of business was to observe high redshift radio galaxies with known redshifts z > 1.9 to investigate their morphological evolution and to obtain more accurate photometry to study the Hubble K -z diagram at the highest redshifts. We obtained near-JR images of 15 HzRGs with 1.9 < z < 4.4 with the Near Infrared Camera (NIRC, Ref. 24) at the Keck I telescope. The images show that there is strong morphological evolution at rest-frame optical (Arest > 4000A) wavelengths (Ref. 14; Fig. 4 ). At the highest redshifts, z > 3, the rest-frame visual morphologies exhibit structure on at least two different scales: relatively bright, compact components with typical sizes of 1 " (10 kpc) surrounded by large-scale (' 50 kpc) diffuse emission. The brightest components are often aligned with the radio sources, and their individual luminosities are MB -20 to -22. For comparison, present-epoch L galaxies and, perhaps more appropriately, ultraluminous infrared starburst galaxies, have, on average, MB -21.0. The total, integrated rest-frame B-band luminosities are 3 -5 magnitudes more luminous than present epoch L galaxies.
At lower redshifts, z < 3, the rest-frame optical morphologies become smaller, more centrally concentrated, and less aligned with the radio structure. Galaxy surface brightness profiles for the z < 3 HzRGs are much steeper than those of at z > 3. We attempted to fit the z < 3 surface brightness profiles with a de Vaucouleurs r'4 law and with an exponential law, the forms commonly used to fit elliptical and spiral galaxy profiles, respectively. We demonstrate the fitting for our best. resolved object at < 3. 3C' 257 at. = 2.474 (Fig. 4) . Within the limited dynamical range of the data, both functional forms fit the observed profiies-neit.her is preferred. Interestingly. despite tins strong morphological evolution the K -Hubble diagram for the most luminous radio galaxies remains valid even at the highest redshifts. where a large fraction of the K-band continuum is due to a radio-aligned component..
having established that the K diagram for high redshift radio galaxies holds even at the highest knowii redshift.s we embarked on our identification program of USS select.ed sources. Our typical method of observation would he to begin with 16 x 1 minute exposures (1 minut.e consisting of 2 or 3 co-added frames), start. a second 16 x 1 minute run while reducing the first set of observations using DIMSU\I. (DIMSUM is the Deep Infrared Mosaicing Software package, developed by P. Eisenhardt., M. Dickinson A. Stanford, and J. Ward, which is available as a contributed package in IRAF.) If we could identify our target we would break off our second observation, or. if the 
SPECTROSCOPY OF THE HIGHEST REDSHIFT RADIO GALAXIES
As with our near --IR imaging program. our first .pectroscopic observations, using the Low Resolution imaging Spectrograph ) LRIS. Ref. 25) were made of high redshift radio galaxies with known redshifts. The main purpose.
uutiallv, was to deternune the origin of time radio-aligned optical / near-JR features using spectro-polari net rv. As is now well-known the rest-frame optical continua of lngh redshift radio galaxies are often clumpy and digned with their associated radio sources (Ref. 26: Ref. 27 ). This suggested that there must be a causal connection between their optical morphological appearance and the collimated outflow and/or ionizing radiation from their AGN. The most popular explanations for such an alignment effect are scattered light froni hidden or mis-aligned quasars. jet -iimduced star format ion or nebular cont inuuni emission, Evidence for each of I hese processes has been found. In particular. 1 amid z -2.5 most high redshitt radio galaxies are strongly polarized. miidicat ing that a large fraction of t lie optical continuum is due t-o scattered light from hidden or mis--aligned quasars (Ref. Subsequently our spectroscopic observations focused on the newly identified USS high redshift radio galaxy candidates. At the present time we have observed and analyzed 34 USS high redshift radio galaxies with the following results. Only 5 of the sources have z < 2, 8 have 2 < z < 3, 9 have 3 < z < 4 and 3 sources have z > 4, including one at z > 5. At least 3 sources were not detected in optical continuum, despite -1 hr or longer integrations with LRIS. All we know of these objects is that they are detected in the near-JR at K '-U 21, and have a radio source identified with them. They may be extremely obscured, or at record high redshifts, with Ly-a redshifted to near-JR wavelengths (z > 8) . Future observations with near-JR spectrographs may tell. We also found 6 sources with only a continuum detection and no emission-lines. These were all extremely compact USS sources, and may be moderately high redshift (1 < z < 3) BL Lac objects, 'emission-line free quasars' (cf. . This is almost certainly due to the presence of cold gas (HI) and dust in the vicinity of the radio galaxies, not just because of cosmological Ly-a 'forest' absorption in the foreground (although this will contribute as well). One object deserves special mention: 6C J1908+722 at z = 3.53 (Ref. 29; Fig. 7 ). The source shows very broad absorption lines in several of its UV resonant lines (CIV, STy, NV, Ly-a ; Fig. 8 ). This was interpreted as being caused by outflow, similar to the classical Broad Absorption Line quasars. However, it is interesting to note that this Broad Absorption Line Radio Galaxy (BALRAG) is hosted by a 1.5 x iO' L®Ultra Luminous Infrared Galaxy with '-1.5 x 108 M® in dust, -' 5 x 1010 M® in molecular gas, and has an estimated star formation rate of ' 1500 M®/yr (Ref. 9). The observed velocity range of the gas is large (530 km s1), and could be even larger: for another high redshift radio galaxy , 4C60.07 at z = 3.788, Papadopoulos et al. find that the molecular gas is distributed over at least two major components, with a total velocity range > 1000 km s.
Thus it could very well be that the broad, rest-frame UV, absorption lines in 6C J1908+722 may be due to absorption within the parent galaxy. The large BAL velocity range (Fig. 8) could then be caused by a number of cold gas components in the foreground to 6C J1908+722, and which could be falling in or merging with the galaxy. In that case one would expect that the BAL system would be resolved at higher spectral resolution and observations at Keck to test this are planned.
5. THE HIGHEST REDSHIFT RADIO GALAXIES 5.1. TN J1338-1942 at z = 4.11
The first z > 4 USS radio galaxy discovered by us was TN J1338-1942. The initial identification was made with the ESO 3Gm at R-band, and subsequent spectroscopy with that same telescope showed that the radio galaxy has a redshift of z = 4.11 0.02, based on a strong detection of Ly-a , and weak confirming C IV A 1549 and He II A 1640 (Ref. 36).
Subsequently we obtained a deep K-band image (rest--frame B-band) at Keck, shown in Fig. 9 overlaid with a VLA radio image (Ref. 36). The Ly-ct and rest-frame optical emission appear co-spatial with the brightest radio Rest Wavelength (A)
1400
Spatially resolved emission line regions show that this absorption can occur over the entire region (up to '-j50 kpc; Fig. 6 ), and is strongest in the smallest radio sources (Ref. 35). There is much additional evidence for the presence of large amounts of cold gas in dust in high redshift radio galaxies . Many of the highest redshift radio galaxies have been detected at sub-mm wavelengths, both in continuum (e.g. Ref hotspot of this very asymmetric radio source. Such asymmetric radio sources are not. uncomnion, even in the local Universe, and are usualllv thought. to be due to strong interaction of one of its radio lobes with very dense gas. A similar asymmetric radio/optical emission-line morphology has also been seen in the = 3.800 radio galaxy IUl With the Neck K-band the identification and astrometrv for TN 31338-1912 secured we next. obtained a high signal-to-noise. medium resolution (5.5 A FWHM) spectrum using the VLT Antu telescope (Ref. 36; Fig. 10 ). The spectrum of T N J1338-1942 is dominated by a bright Lv-line (W1 210A) which shows deep and broad ( 1400 km s') blue-ward absorption, and relatively bright. ( 2pJv) U\-continuum. In fact, at optical wavelengths. TN .J1338-1942 turned out to be the most luminous of its kind (Table 2) . If all the UV continuum in TN 31338-1942 would be due to young 0-B stars the implied SFR, based on the optical data alone and without correction for extinction, would be several hundred M,/vr, similar to 4C4 1.17. TN .11338-1942 might. be another example of a very HzRG in which jet-induced star formation might. occur. The Lv-cl is spatially extended by 4" (30 kpc) and has a spectral profile that. is very asvnilnetric with a deficit towards the blue. This blue-ward asymmetry is probably due to absorption of the Ly-ci photons by cold gas in a turbulent halo surrounding the radio galaxy. Using a simple model, and fitting the Ly-profile with a Gaussian eriussion function and a single Voigt absorption function, De Breuck ci al. estiniat.e that. the neutral hydrogen colunin density must. be in the range 3.5 -13 > 1019 cm2, and a total mass of 2 -10 < 107M
The bright optical continuum and high S/N data also allowed a measurement of the Lya forest continuum bre Ly-o 'discontinuity'. D4). and the Lyman limit. The measured value, 1)4 0.37 0.1, is 0.2 lower than the values found for quasars at comparable redslufts. This might perhaps be due due to a bias towards large 13.4 introduced iii lugh-redshiift quasar samples t hat are selected on the basis of large color gradients. The true space densit,y of optically selected quasars,--nd Lyman break galaxies -, may have been underestimated and the average HI column (leilsity along cosmological lines of sight nught have been overestimated. Because of their radio-based. non-color selection, > 4 radio galaxies may be excellent, objects for investigating D4 statistics.
TN J0924-2201 at

5.19
EN J0921-220l is one of the steepest spectrum sources in our USS sample = -1.63) and therefore was one of our primar targets for near--JR identification. A deep K-band inlage at Neck showed indeed a very faint K = 21.3 0.3), multi-component object at tile position of the small (1.2" ) radio source (Fig. 11) . The expected redshiift on the basis of the K -diagram was > 5. and spectroscopic observations at Neck showed that this was A rilong all radio selected high redshift radio galaxies TN J0924 -2201 is fairly typical in radio luniinosit v. -(tuivalent width and velocity width (Table 2 ) It does have the steepest radio spect FUhli. consistent With the o --relat101151111) for powerful radio galaxies (eq. Ref. 37). and also has the smallest linear size. 11ie latter niav be evidence of its inevitable youthfulness or a dense confining environnient neither of wInch would be surprisiig because of its 'xtr'nie redsliift (Ref. 38; Ref .35) . Among the radio select cr1 high redshift radio galaxies TN .10921 -2201 appears tinderluininotis in Lv-a together with 8( 1435+63, which tnight he caused by absorption in an exceptionally dense cold aiid dusty medium. Evidence for cold gas and dust in several of the most distant high redshift radio galaxies has been found from sub-mm continuum and (0-line observations ( e.q.Ref.
8; Ref. 9).
The second highest redshift radio galaxy currently known listed in lable 2 is VLA .1123642 --621331 at =4.42 H ef. 39). This source was not USS selected and providrs a VieW on the possible selection effects of our [$8 high rdshiift radio galaxies . The source is an asymmetric double and although its radio luniinositv is about a factor 1000 t inies lower I han that of its lunch more luminous brothers at similar redsbuft s. it is still radio loud, with a radio ltiiiiinosit.v close to the FRI FRIT break at 408 tIHz ) - 
3.2
1011 erg -1 jj.i ) . Its radio spect rtini is 5t eep -1.0, using the flux densities given by \Vaddington c/ al. ). hut not as steel) as otir [$8 select el high redshift radio galaxies -and the Lv-o luminosity is a fact or 5 1 t) t inics less Apart from the Imimninosit V t hiese properties are not hugely different from expected on the basis of radio select ion. It suggests that. less extrenie St eep sped runi selected samples (o -.. -1.0) at much lower flux densities ( 1 oily) might he used to find many noire bugh redshift radio galaxies at very high redslnft s. alt hiomigli wit Ii lower efhciencv. we suspect -than [$8 selected samples.
Our observations of TN .10924 -2201 extend t lie I bubble K -diagram for powerful radio galaxies to .: . 
